Resumo
Introduction
Animal models are often used for pre-clinical testing of drugs and vaccines. In order to choose the right species to use in a particular study, its immune system has to be closely related to that of humans. The similarities enable a better understanding of human diseases and they are useful for developing drugs used in human medicine (MERCHANT et al., 2011) .
The main function of lymphoid organs is protecting the body against invading pathogens or antigens (bacteria, parasites, and viruses). The immune response occurs when the body detects the pathogen or antigen. Therefore, lymphoid cells, tissues, and organs have a wide distribution in the body. The major lymphoid organs are lymph nodes, tonsils, thymus, and spleen (EROSCHENKO, 2008) .
A typical mammalian immune system is constantly changing throughout life. The immune system is established early in life by dispersing immune component cells from specific organs such as the thymus, which are maintained by means of the lymph nodes, bone marrow, spleen, and lymphoid cells in other tissues, such as the liver (PARHAM, 2009) .
In rodents, the lymphoid anatomy and lymphatic drainage have been characterized for many different organs. Surprisingly, the morphology of the main lymphoid organs has not been clearly described. This knowledge is of great importance for allowing an accurate identification and characterization of immune responses to pathogens and for establishing new therapies and models (BARBIER et al., 2012) .
Among laboratory animals, the guinea pig (Cavia porcellus), a rodent species belonging to the Caviidae family, is known as one of the most valuable models related to humans (KAISER et al., 2010) , especially with regard to the human immune system and its response to diseases, since the immunological genes in this species are more similar to humans than those in mice (GUO et al., 2012) .
This animal species is used in scientific experimentation since the 17 th century (PERCY; BARTHOLD, 2008) and it has been useful to provide a better understanding on the immune response at an early age (PILORZ et al., 2005) . Its response to pathogens (BRODER et al., 1978) , vaccines (JONES et al., 2003) , infectious (PADILLA-CARLIN et al., 2008) , and autoimmune-mediated diseases (GU et al., 2012) has been investigated.
Though the guinea pig has been an extremely useful animal model for investigating a wide variety of diseases, there is a lack of tools for undertaking a full-scale immunological analysis of this species (TAKIZAWA et al., 2006) , especially with regard to the anatomical features of the main lymphoid organ, in order to analyze the changes that some pathologies can cause. This study aims to describe the microscopic features of lymphoid organs in the guinea pig, such as the spleen, thymus, lymph nodes, and liver, using individuals from different age groups.
Material and Methods

Animals
Female guinea pigs (n = 6) weighing from 150 to 400 g each, were obtained from a particular hatchery, and these individuals were free of pathogenic bacteria and parasites. They were individually housed in cages, being fed twice a day, and water was provided ad libitum. All procedures were performed in accordance with recommendations by the Research Ethical Committee of the School of Veterinary Medicine and Animal Science of University of São Paulo (FMVZ/USP), under the Protocol 1999/2010. The animals were divided into 3 groups according to their developmental stage: fetus (n = 2), pup (n = 2), and adults (n = 2).
All animals were euthanized by anesthetic overdose with 50 mg/kg of ketamine (Ketamin-S ® , Cristália) and 2 mg/kg of xylazine hydrochloride (Calmiun ® , Union Agener); then, the necropsy was performed for collecting lymphoid organs, i.e. spleen, thymus, lymph nodes, and liver. Thymus collection was performed in all animals, being easier to recognize it in younger individuals. Lymph nodes were removed from the cervical (cranial and caudal) and abdominal (mesenteric and mesenteric root) regions.
Organs were collected after a postmortem interval ranging from 1 to 4 h. Each organ was cut and fixed in 10 mL of 10% formalin for light and scanning microscopy.
Light microscopy
For light microscopy, samples were fixed in a 10% formalin solution for 24 h. Then, they were washed in tap water and immersed in 70% alcohol. Samples were dehydrated in a graded alcohol series (80-100%) and embedded in paraplast. Transverse sections of 5 μm were stained with Hematoxylin and eosin (H&E). After staining, slides were examined and images were obtained using a ZEISS MC 80 DX microscope camera.
Scanning microscopy
For scanning electron microscopy, samples were fixed in a 10% formalin solution for 72 h. Then, samples were washed in distilled water and post-fixed in a 1% osmium tetroxide solution for 2 h at 48°C. They were dehydrated in a graded alcohol series, from 60% to P.A. Subsequently, samples were dried in liquid CO 2 using a Balzers CPD 030 device, mounted on metal stubs, and, then, coated with gold in a sputter coater (Balzers SCD-040). Samples were examined using a JEOL JSM-6100 scanning electron microscope.
Results
Results are presented in Figures 1 to 4 (light microscopy) and Figure 5 (scanning microscopy), separated according to developmental stages.
Liver
In the guinea pig, liver is a lobed organ; each lobe was coated by mesothelium, and there is a thin connective tissue layer beneath it. The hepatic tissue is divided into numerous lobules, consisting of sinusoids and cell plates in the parenchyma, named hepatocytes, radially organized around a central vein. A portal tract has one or more branches of a portal vein, hepatic artery, and lymphoid vessel. The bile ductile was observed close to each portal tract and its epithelium was simple cuboidal (Figures 1 and 5 ). 
Thymus
The thymus was covered by a thin capsule of connective tissue which is protruded as septa into all organs. The parenchyma of each lobule was not clearly separated into a cortex and medulla. Densely packed thymic lymphocytes are observed in the cortex, as well as some basophilic granulocytes. Hassall's corpuscles, exclusively found in the thymus, are concentric whorls of acidophilic and flattened reticular cells, which may become swollen, keratinized, and centrally calcified (Figure 2 ).
Lymph node
A lymph node was organized into a cortex and medulla. The cortex had germinal centers with lymphoid nodules, surrounded by diffuse lymphoid tissue.
Extensions of lymphoid tissue, named medullary cords, were observed, as well as afferent lymphoid vessels and blood cells, such as lymphocytes (Figure 3 ).
Spleen
The spleen was divided into red and white pulp. The spleen had a capsule which is rich in smooth muscle and elastic fibers. Trabeculae of connective tissue were projected into the spleen from the capsule; however, they were also sparsely observed around the red and white pulps. Germinal centers are present in the white pulp, being responsible for the production of B cells and some lymphocytes. Red pulp is usually stained red in H&E preparations, due to its large number of erythrocytes, observed in its reticular meshwork and blood vessels (Figures 4 and 5 ). 
Microscopic aspects of lymphoid organs in the guinea pig
Discussion
The lymphoid system is perhaps the most poorly understood area of anatomy. Suami et al. (2011) reported that visualizing this system has been a difficult task for anatomic dissection studies. Anatomists have attempted to map the lymphatic system using various methods and materials, and there are few studies involving rodent lymphatic and lymphoid mapping. A popular method for studying this system in rodent species is injecting dye into the skin or abdomen of living rats and, then, euthanizing and dissecting them (JOB, 1915; TILNEY, 1971) . In our studies, we have characterized, by light microscopy, components of the lymphoid system in the guinea pig.
In many species, including all rodent ones, the thymic tissue is replaced by adipocytes as the animal gets older. In guinea pigs, 10 to 12 years old individuals, or even older ones, have a predominance of adipose tissues. Recent phenotypic studies have explored changes in the rat thymus during the first year of life (QUAGLINO et al., 1998; CAPRI et al., 2000) . Previous reports claimed that the evaluation of such changes is essential for a better understanding of the mechanisms and the biological significance of transformations induced by xenobiotic and, ultimately, complex mechanisms underlying thymic involution (QUAGLINO; RONCHETTI, 2001).
In rats, as well as in other rodent species, the thymus is mostly located in the thoracic region and partly in the cervical region, between the larynx, cranially, and the heart, caudally. In the mouse and rabbit, it is divided into 2 lobules (OSOBA, 1966; HEDRICH; BULLOCK, 2004) and nude rats are athymic (HUMMEL et al., 1975) . However, the guinea pig thymus, unlike other mammals, remains a purely cervical organ (PARK, 1917) and it does not have an accessory lobe derived from the fourth pharyngeal pouch, so frequently observed in other species. This characteristic is still unclear, since Cooper and Schiller (1975) described the presence of accessory thymus in this species, something which was not observed in this study.
It is worth saying that the immune status of thymus is reflected on the histological appearance (PEARSE, 2006) . The thymus of most mammals has its cortex formed by an extensive network of interconnecting spaces (EROSCHENKO, 2008) . However, this feature was not observed in the guinea pig at any developmental stage. Immature lymphocytes were observed in the thymic parenchyma, probably migrating from hematopoietic tissues in the developing individual to undergo maturation and differentiation. When looking at thymic samples from adult individuals with considerable involution, all of them had at least a small number of lymphocytes within the thymus. The same finding was reported with regard to humans (STEINMANN, 1985) , showing that the thymus does not become completely devoid of these cells.
Spleen is the largest secondary immune organ in the body, and it is responsible for initiating immune responses to blood-borne antigens and for filtering foreign material and old or damaged red blood cells (CESTA, 2006) . Spleen in the guinea pig is divided into red and white pulp and it is covered by a capsule which is rich in smooth muscle and elastic fibers. The red pulp showed a large number of erythrocytes. This characteristic was described by many authors (COOPER; SCHILLER, 1975; HUMMEL et al., 1975; HEDRICH; BULLOCK, 2004; CESTA, 2006) , who reported that the spleen is surrounded by a capsule (tunica serosa) from which several trabeculae, similar to those found in the guinea pig, are derived.
In rats and mice, the spleen is crucial for the production of lymphocytes and the degradation of old blood cells (SMITH; SCHENK, 2001) . The red pulp is a blood filter which removes foreign material and damaged erythrocytes. In rodents, it is a site of hematopoiesis, particularly in fetal and neonatal animals (CESTA, 2006) . A function of the white pulp is initiating immune responses to blood-borne antigens (KUPER et al., 2002; NOLTE et al., 2002; BALOGH et al., 2004) .
The smallest lymph nodes may contain only a few lobules or even just one, while large lymph nodes may contain many lobules. These were described in lymph nodes as early as 1975 (KELLY, 1975) , although some authors have described them as physiological compartments (BELISLE; SAINTE-MARIE, 1990) . Lobules have been mentioned in more recent studies (GRETZ et al., 1997) . Current best practice guidelines for examining a lymph node include a detailed observation of the cortex, paracortex, and medulla (HALEY et al., 2005) . In our studies, we have observed that the cortex has germinal centers.
Lymphocytes and other leukocytes may be found in the medullary cords. Tilney (1971) reported that the lymph nodes contain a large number of lymphocytes, macrophages, and antigens presenting cells (APCs). Within the lymph nodes, APCs and primary lymphocytes are brought together to initiate primary immune responses (KALDJIAN et al., 2001) . Lymph nodes are, essentially, data marketplaces where lymphocytes come to display information gathered about antigens they have found in the field (WILLARD-MACK, 2006) .
Liver is a heterogeneous tissue whose functional unit in the lobule has stumped morphologists for over 300 years (see MACSWEEN et al., 2002) . It is amazing that, no matter the angle at which a liver is sectioned, it basically has the same histological appearance, i.e., multiple units with a hepatic venule (also known as central vein) centrally surrounded by about 4-6 portal areas. In the guinea pig, liver is a lobed organ and it consists of sinusoids and cell plate in the parenchyma, named hepatocytes, radially organized around a central vein. We observed that the portal tract has one or more branches of a portal vein, hepatic artery, and lymphoid vessel. The bile ductile was observed close to each portal tract and its epithelium was simple cuboidal.
To effectively and quickly fight against potentially toxic agents without using harmful immune responses, the liver relies on its strong immune system. This involves enriching immune cells and removing waste molecules, as well as an immunologic elimination of microorganisms through liver endothelial cells and Kupffer cells. In addition, liver also plays an important role by controlling systemic innate immunity by means of the biosynthesis of numerous soluble pathogenrecognition receptors and complementary components (GAO; JEONG; TIAN, 2008) . It is extremely important knowing the lymphoid system morphology, since its components may be affected by a large number of pathologies, in addition to the fact that this system works as a sentinel to detect many pathologies from other systems. A large number of changes has been reported in the lymphoid and hematopoietic system in mice, it has been argued that these animals are an excellent model for studying morphological pathologies (FRITH et al., 1996) .
The guinea pig constitutes an important model for this kind of study, as its morphological characteristics are similar to those of humans; this species may be useful for establishing study models, including for cell therapy. Thus, this article raises relevant information on the structural components of the lymphoid system in these species, providing a new source of data to other knowledge fields.
